Part A. Estimates of Melt Rates From Different Models
This study examined different simulations of GIS models to determine the pattern of melt rates for different temperature profiles. The term "melt rate" is used to denote the decrease in volume which is determined by the sum of runoff and glacial discharge minus precipitation. There are multiple possible GIS approaches and results that can be used for developing the DICE-GIS model. The calibrations relied on the calculations of Robinson et al. (1) , both because they show hysteresis in the simulations and because they have a complete trajectory for a wide range of temperature increases.
A comparison of the estimates from Robinson et al. (1) with other studies is shown in Figure 3 in the main text. Robinson et al. estimates are low for the lowest temperature increases (2 °C global increase) but are in the middle of the studies for the higher ones (4 to 8 °C). There is considerable dispersion among studies, as is also shown by the SeaRise model-comparison study Bindschadler et al. (2) . Alternative studies differ by at least a factor of four in the studies shown in Figure 3 in the main text, and by almost a factor of twenty in the high-temperature comparison (C3) in Bindschadler et al. (2) . The survey of models is shown in Table A-1. These estimates are the melt rate for the first 100 -500 years in the different studies. Note that the melt rates are close to linear in the SLRe per year per °C warming. This finding is confirmed for the detailed estimates in the Robinson simulations discussed in Part B. 
Part B. Estimates of Melt-Rate Function for DICE-GIS
The DICE-GIS model used the simulations from Robinson et al. (1) . These data were provided by Prof. Robinson. The data come in steps of 10 years for model runs of 5000 years. The temperature trajectory was a linear ramp from 0 °C to the target, ver a period of 100 years. The regressions used only four target trajectories (2, 4, 6, and 8 °C) for the estimates. The authors state that the global mean temperature is 90% of the summer temperature used for the runs, so the ice-sheet temperature was converted to global mean temperature by multiplying each of the targets by 1.111. The data file is available as discussed in SI Part K.
There were several estimates of the melt-rate function. The central equation was the following:
In unconstrained form, this yielded the results in Table B-1. 
Part C. Estimates of Melt Rates from Different Models
This appendix explains the derivation of the melt rates in the different models.
Furst et al. (3)
This paper uses temperature over the ice sheet, apparently annual. It calculates using four temperature paths to 2100 and two to 2300. The following shows the basic results. The results are not intuitive as 2300 is not much higher than 2100.
Data from ref. 3

Bindschadler et al. (2)
This study is a model comparison. However, the results are sometimes difficult to decipher. The major problem is understanding the temperature trajectories associated with the different scenarios. The most relevant cases were scenarios C1, C2, and C3. Additionally, concentrate on the 500-year results. C1 is the A1B scenario from the IPCC, while C2 is 1.5 times C1 and C3 is two times C1. Source: Furst (3), Table 4 . The results for individual models are provided in (2).
Applegate et al. (4)
Applegate et al. (4) 
Ridley et al. (5)
This study was explained in the main text. The major results are from the following table. 
IPCC (6), Chapter 13
The Fifth Assessment Report of the IPCC (6) repeats the studies reviewed above. It concludes that there is a threshold, but they cannot determine where it is. The conclusion of the IPCC report is as follows:
With currently available information, we do not have sufficient confidence to assign a likely range for the threshold. If the threshold is exceeded temporarily, an irreversible loss of part or most of the Greenland ice sheet could result, depending on the duration and amount that the threshold is exceeded. (p 1169)
The available evidence indicates that sustained global warming greater than a certain threshold above pre-industrial would lead to the near-complete loss of the Greenland ice sheet over a millennium or more, causing a global mean sea level rise of about 7 m. Studies with fixed ice-sheet topography indicate the threshold is greater than 2°C but less than 4°C (medium confidence) of global mean surface temperature rise concerning pre-industrial. The one study with a dynamical ice sheet suggests the threshold is greater than about 1°C (low confidence) global mean warming concerning pre-industrial. We are unable to quantify a likely range. Whether or not a decrease in the Greenland ice sheet mass loss is irreversible depends on the duration and degree of exceedance of the threshold. Abrupt and irreversible ice loss from a potential instability of marinebased sectors of the Antarctic ice sheet in response to climate forcing is possible, but current evidence and understanding are insufficient to make a quantitative assessment. {5.8, 13.3, 13.4} (p. 1140)
Part D. Equations of the GAMS Model to Include Greenland Ice Sheet
The following are the equations for the module of the Greenland Ice Sheet. The listing omits boundary conditions and some small details that are used to ensure numerical stability.
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Part E. Modifications of the DICE-2016R2 Model for the GIS Runs
Modeling simplifications
The standard DICE model is designed for analysis of costs and impacts over relatively short periods (100 -200 years). For the DICE-GIS runs, it was necessary to make adjustments for very long runs (up to 5000 years). None of the adjustments affected the near-term outcomes (for variables such as the optimal control rates or social cost of carbon). The following were the adjustments for the DICE-GIS model.  The carbon price in the base case rises at 0.002% per period in GIS case rather than 2% per period in DICE case to prevent high carbon prices increasing control rate for GIS base case.  The DICE-GIS model assumes negative emissions are limited to 20% of base emissions after the 30 th period (2165) to prevent huge negative emissions to offset positive emissions in the early years.  Emissions intensity in DICE-GIS is held constant after period 40 (2215) to prevent zero baseline emissions after that period.  The savings rate in DICE-GIS is set at 25% of output after period 100 (2515) to speed computation and for stability.  Emissions in DICE-GIS are non-positive after period 100 (2515) to speed computation and for stability.
Assumptions for alternative discount rates
To implement the alternative discount rates, the pure rate of time preference was set equal to the discount rate and the elasticity of marginal utility was set to near-zero. Using this parameterization, for the discount rate of 3%, the following replaced the standard parameters, with the results being a constant discount rate of 3.002% per year.
elasmu Elasticity of marginal utility of consumption /.001 / prstp Initial rate of social time preference per year /.03 /
Part F. GAMS Code for GIS Equations
The following are the key equations added to the standard DICE-2016R2 model. The full model is available as described in SI, Part K. 
t) Equilibrium temp vol relationship Alley model VDOT(T) Change in V per 5 years TD(T) T minus Tstar SLR(T) Sea level rise from 2000 SIGNTD(T)
Sign of TD; 
** GIS equation definitions GISVOLEQ(t) Volume GIS TSTARlineq(t) Equilibrium vol equation TDeq(T) Equation for TD VDOTEQ(T) Change in V per 5 years SLREQ(T) Sea level rise equation SIGNTDEQ(T) Equation for sign of TD; ** GIS equations GISVOLEQ(t+1).. GISVOL(T+1) =e= GISVOL(T)+VDOT(T+1); TSTARlinEQ(t).. TSTARlin(t) =e= tmaxa*(1-GISVOL(T)/100); TDeq(t).. TD(t) =e= (tatm(t)-tstarlin(t))+.00001; SLREQ(T).. SLR(T) =E= slrgis*(1-GISVOL(T)/100); SIGNTDEQ(T).. IGNTD(T) =E= TD(T)+.0000001)/((power(TD(t),2)**.5)+.0000001); VDOTEQ(T).. VDOT(T) =E= SIGNTD(T)*avoldot*(power(TD(t),2)) *((GISVOL(t)/100)**expvol);
Part G. Estimates of Hysteresis in Large Models
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There is relatively little change in the results from introducing the Robinson equations instead of the Alley equations used in the text. The volumes for the baseline policy are shown in Table H-1.
Table H-1. Ice-sheet volumes with two equilibrium (T*, V*) estimates of Alley and Robinson parametrization
The ice-sheet volume with the lower (Robinson) threshold is paradoxically higher than with the higher (Alley) threshold because the melt rate adjusts to offset the change in the threshold. The adjustment makes the melt rate sufficiently lower that the overall melting with the baseline policy is slower.
The social cost of carbon is a tiny bit lower for the Robinson threshold because the melting is somewhat slower. Hysteresis model
The next step was testing the hysteresis model with the Alley and Robinson thresholds. These used the same melt-rate parameters but changed the hysteresis functions as shown in Figure H-1 . The results for the optimal runs are shown in Table H 
Part J. Further Results
This Part provides further results from the modeling.
Discounting
On important question is the impact of alternative discount rates. Table J-1 shows the estimates. The contribution of GIS melting to the SCC is less than 6% for all discount rates and two alternative melt rates. 
Volumetric constraints
The following shows the results of 3 different volumetric bounds, three different discount rates, and two melt rates. The four cases with shaded regions at the bottom are ones where the 90% volume constraint is binding. The SCC is between 6% and 175% higher in those cases. Note that the binding occurs primarily because of high discounting. For the calculations with "volume limited," the DICE-GIS model is run constraining volume to be above three tipping volumes. The paths are optimized including standard damages but replace the assumed GIS damages with the volumetric constraint. These are compared with the standard calculations. The SCC is lower with the GIS volume constraint when the volume constraint is not binding. 
Part K. Notes on GAMS Modeling, Programs, Results, and Sources
The GAMS model is available for the optimal, baseline, and looped runs in a folder "GAMS-v32." A full set of sources for tables, figures, and methods is available in a background memorandum, "Sources for Nordhaus, GIS-PNAS-032719.docx."
The materials are permanently archived at https://dataverse.harvard.edu/dataset.xhtml?persistentId=doi:10.7910/DVN/UYCPFL. They are also available at Yale University at https://yale.box.com/v/Nordhaus-PNAS-GIS-2019. Updates on the DICE model can be accessed through the author's website at https://economics.yale.edu/people/william-d-nordhaus, follow "Personal website."
